The present study describes treatment of intrabony periodontal defects with enamel matrix derivative (EMD) in private practice. Ten patients with clinical diagnosis of chronic periodontitis were subjected to data analysis. A total of 18 teeth with various osseous defects received regenerative therapy with EMD, and were followed for a minimum of 2 years. Treatment of the intrabony defects with EMD led to a statistically significant improvement in the mean value of probing depth at 1-year when compared with at the baseline (pϽ0.01). Reduction in probing depth was achieved with minimal recession of the gingival margin, and was maintained over the 2-year observation period with no significant change. Mean values of attachment gain at 1 and 2 years were of clinical significance: ‫64.1ע93.3‬ mm and ‫04.1ע22.3‬ mm, respectively. Although one tooth was extracted because of subsequent loss of attachment and bone, most teeth treated have been successfully maintained for 2 to 7 years with no significant signs of disease progression. In conclusion, EMD treatment of intrabony osseous defects yielded clinically favorable responses. The gain in clinical attachment can be longitudinally maintained in a private practice setting. Further controlled studies are needed to elucidate the clinical significance of EMD treatment.
Introduction
As the use of dental implants increases, there is a tendency to underestimate the longterm prognosis of a tooth with a compromised periodontium. This can result in premature extraction of a tooth because of the rationalization that its retention might dam-age a future implant site, or its inclusion in a prosthesis is too risky 10) . Retention of patient teeth remains the utmost priority for periodontists in Japan especially in private general practice settings. With periodontal regenerative therapy, many teeth with unfavorable periodontal forecasts can be converted to teeth with favorable long-term prognoses.
The use of an enamel matrix derivative (EMD) has been proposed as an alternative in periodontal regeneration. EMD is obtained from porcine embryogenesis and is an amelogenin derivative 11) . Amelogenin is known to play a role in tooth formation, particularly in the formation of acellular cement. There is significant homogeneity between porcine and human enamel proteins, because those proteins have remained essentially unchanged during evolution. 8, 9, 11) . Since prospective controlled clinical trials establishing scientific evidence for the clinical efficacy of EMD are limited, the scientific base for the use of EMD in periodontal regenerative therapy has not been firmly established 18) . However, since its commercial launch, EMD has been widely used in clinical treatment. Periodontists in private practice should be able to provide further information regarding the efficacy of EMD treatment through long-term follow-up of treated cases.
The present study evaluated longitudinal clinical outcomes of treatment of intrabony defects with EMD in a private practice setting. The analyses of clinical data from 10 patients are presented along with an overview of a representative treatment case.
Methods

Subjects
The study subjects were selected from a patient population at a private practice with clinical diagnosis of generalized chronic periodontitis. Among the patients who received periodontal regenerative therapy with EMD, the following criteria were used for inclusion and data analysis in the present study: 1) no serious systemic complications or history of allergies; 2) periodontal pockets with a probing depth (PD) of Ն6 mm; 3) osseous defects estimated to be as at least 4 mm deep and 2 mm wide (largest width); 4) at least 2 years of periodontal supportive therapy. A total of 10 patients (6 females and 4 males) with a mean age of 58.2 years (range; 49 to 74) were subjected to data analysis.
Initial periodontal therapy
After systemic and oral assessment, periodontal treatment plans were formulated. Treatment plans included dental hygiene care plans within the concept of the "dental hygiene process of care" 13, 21) by dental hygienists. Initial therapy consisting of oral hygiene instructions, full-mouth scaling and root planning, and occlusal adjustment (if trauma from occlusion was present) was performed by dental hygienists (YN, TN) and a periodontist (AS).
Clinical parameters
At least 4 weeks after the initial periodontal therapy, re-evaluation was performed. The following baseline clinical parameters were recorded prior to the surgery: probing depth (PD); clinical attachment level (CAL: measured from the cemento-enamel junction to the apical depth of the periodontal probe penetration); tooth mobility (TM) and gingival margin. Patient oral hygiene status was evaluated with the plaque control record (PCR) 17) . Postoperative re-evaluation was performed at least 3 months after the surgery.
Radiographic examination
Intraoral radiographs were obtained using a film holder (CID-2, Hanshin Technical Laboratory, Nishinomiya, Japan) with a paralleling cone technique.
Periodontal regenerative therapy
The treatment plan, with alternatives, was presented to the patient. Informed consent to the proposed surgical intervention was obtained from the patient. If other dental pathologies or conditions were present, they were treated prior to or concurrently with the regenerative therapy.
The regenerative therapy with EMD was performed by the standard procedure. Briefly, sites were surgically treated, employing a full-thickness periodontal flap (papilla preservation technique) to gain access to the root surface for scaling and root planning. Following debridement, sites were acid-etched with 36% ortho-phosphoric acid for 15 sec. Then EMD solutions (Emdogain ® or Emdogain 
Supportive periodontal therapy
Meticulous supragingival professional tooth cleaning was also performed weekly for the first 4 weeks postsurgery. Thereafter, patients were recalled once a month. They received supportive periodontal therapy, consisting mainly of oral hygiene instruction, scaling and subgingival plaque control.
Ethical considerations
Written informed consent regarding the use of data for research purposes was obtained from all patients.
Statistical analysis
For statistical analysis of the quantitative Regenerative Therapy with EMD 
Results
The summary of baseline data is shown in Table 1 . Three subjects had systemic diseases such as hypertension, duodenum ulcer, osteoporosis and diabetes. They were all under the care of physicians, and the disease conditions were well managed. None of the patients showed any healing complications with the initial periodontal therapies. During the initial periodontal therapy, efforts were made to obtain optimal level of oral hygiene by patient self-care. The oral hygiene instructions aimed to reduce the scores of PCR below 20%. This goal was not always achieved, and dental hygienists implemented individualized professional oral hygiene care as necessary.
A total of 18 teeth received regenerative therapy with EMD and were followed up for at least 2 years.
Post-operative healings were uneventful in all subjects. Treatment of the intrabony defects with EMD led to a statistically significant improvement in mean value of PD at 1 year compared with at the baseline (pϽ0.01) (Fig. 1) . The reduction in PD was maintained during the 2-year minimum observation period with no significant change. The reduction in PD was achieved with minimal recession of the gingival margin (Fig. 2) .
Changes in CAL gain per site are shown in Fig. 3 . Although one tooth was extracted because of progression of attachment and bone loss (Case no. 9), most teeth were maintained for 2 to 7 years with no significant signs of disease progression. No significant difference in mean values of CAL gain was observed during the 2-year follow-up (Fig. 4) . Mean CAL gains in the recorded sites at 1 and 2 years were ‫64.1ע93.3‬ (range 1 to 5 mm) and ‫04.1ע22.3‬ (range 0 to 5 mm), respectively.
The clinical and radiographic appearances of a representative case are shown in Fig. 5 .
No apparent adverse effects were observed as a result of repeated use of EMD in the same subject.
Discussion
The main goal of periodontal therapy is to halt the destruction process and reconstruct lost tissues. Regeneration is understood as the reconstruction of the lost tissues with the resulted in statistically significant (pϽ0.01) improvement in mean PD value of treated teeth at 1 and 2 years when compared with at baseline (Fig. 1) . The observed improvement in PD (approximately 4 mm) was in accordance with the results from a multi-center study of 956 cases in Japan 23) . Mean value for CAL gain 6 months after EMD treatment was ‫43.1ע16.3‬ mm, which was significantly greater than that observed with bioresorbable membrane therapy (2.2 ‫9.1ע‬ mm), as we have previously reported 24) . Mean CAL gain at 1-year was ‫64.1ע93.3‬ mm. This result demonstrated greater improvement than was shown by Okuda et al. 15) , who reported a mean CAL gain of ‫70.1ע27.1‬ mm in 1 year after the EMD treatment in Japanese patients. This difference may be explained by several factors. In addition to a difference in patient populations, the mean value for baseline PD in the present study subjects ‫63.1ע82.7(‬ mm) was approximately 1 mm deeper than that ‫19.0ע33.6(‬ mm) reported by Okuda et al. 15) . The CAL gain after regenerative periodontal treatment has been shown to be dependent on the initial PD; that is, the deeper the initial PD, the greater the PD reduction and CAL gain 5, 16) . The amount of gingival recession in the present study averaged ‫60.1מ‬ mm at 1 year and ‫11.1מ‬ mm at 2 years (Fig. 2) . These values are slightly less than the ‫22.1מ‬ mm recession reported by Okuda et al. 15) . A study by Sculean et al. 20) demonstrated less recession at sites treated with EMD compared to guided tissue regeneration (GTR) treated sites. The relatively small value for gingival recession found in the present study may further support the added advantage of EMD treatment.
The Cochrane review of 10 published randomized controlled trial studies 7) showed that 1 year after its application, EMD significantly improved PAL (probing attachment level) (1.2 mm) and PPD (probing pocket depth) reduction (0.8 mm) compared to a placebo or control. However, the high degree of heterogeneity observed among trials suggests that results have to be interpreted with great caution.
In the present study, in most cases, the gained attachment has been maintained without further significant loss. One treated tooth, however, had to be extracted at a 2-year re-evaluation because of disease progression. Careful judgment regarding a favorable or unfavorable prognosis for a tooth is important. Individual tooth prognoses are usually based on clinical evaluations, and these determinations are often intuitive appraisals 10) . A more precise method of delineating a quantifiable threshold for tooth removal based on periodontal status needs to be developed.
For successful periodontal regenerative therapy, "local", "behavioral" and "systemic" factors in patients should be considered 4, 12) . In consideration of local factor, the authors would like to emphasize the importance of maintenance care by dental hygienists, in addition to appropriate self-care by each patient. The greatest advantage of the small scale private practice is meticulous individualized dental hygiene care 14) . One of the dental hygienists in our clinic (co-author YN) is a dental hygienist certified by the Japanese Society of Periodontology. Dental hygiene care was implemented based on professional expertise in periodontics within the dental hygiene process of care. Collaborative effort between the dental hygienists and periodontist is considered to have contributed to the clinical outcomes of the present subjects.
In regenerative periodontal therapy, a clear tendency towards more favorable results among non-smokers than in smokers has been reported 3, 4) . Prior to any periodontal therapies, smokers were encouraged to quit and were told that the success rates would be lower if they continued this habit during treatment. However, instruction and persuasion do not always succeed, and those who continue to smoke often experience undesirable clinical outcomes. In the present study, the treated tooth of a smoker (case no. 9 in Table 1 ) had to be extracted after 2 years because of further progression of attachment loss. Although evaluation of the risk of smoking is beyond the scope of the present study, the limited experience of this study supports the alleged negative influence of smoking behavior in regenerative therapy.
Systemic risk assessment is also important. Recently, there have been reports of osteonecrosis of alveolar bone following surgical intervention in patients who receive bisphosphonate 1, 2) . Although one subject in the present study had started receiving oral bisphosphonate therapy after EMD treatment, the postoperative healing has been uneventful. Careful assessment of the systemic condition of the patient should be repeated at every maintenance appointment.
A study by Cortellini and Tonetti 6) demonstrated a CAL gain of ‫2.1ע9.5‬ mm at 1 year following EMD treatment, using an evidencebased operative decision tree and microsurgery. As regenerative procedures and materials have been associated with a degree of sensitivity to the skills of the surgeon, continuous development of surgical technique with evidence-based regenerative strategy is necessary to optimize clinical outcomes.
There are limitations to the present study. Since the size of the patient sample was small, no attempts were made to differentiate location of surgical sites or type of defect in data analysis. Type of osseous defect has been shown to be important determinant in EMD treatment 22) . Clinical outcomes should be evaluated according to the defect type in larger scale studies. Since this was not the prospective case-controlled study, no control (flap surgery only or with placebo) data were available. A standardized reproducible method was not utilized for precise analysis of intraoral radiographs. The evaluation of subgingival microflora was not performed in the subjects of the present study, mainly due to the cost involved. A previous report by our group suggested the efficacy of local drug delivery of minocycline-HCl as an adjunctive modality in periodontal regeneration 19) . The effect of antimicrobial agents with EMD treatment is another area that needs to be investigated.
In conclusion, EMD treatment demonstrated long-term clinically favorable responses with intrabony osseous defects. Evaluation of the clinical efficacy of EMD treatment in comparison to other treatment modalities is beyond the scope of the present study. Further controlled studies are needed to elucidate the clinical significance of EMD treatment.
